Certain chemical systems which differ greatly in many of their chemical properties may nevertheless exhibit stereochemically isomorphic behavior, i.e., they may be stereochemically correspondent. Two such systems are spirocyclic pentacoordinate molecules and molecules of the type Ar2ZX. Interconversions among these stereoisomers may be represented mathematically as permutations of the ligands of 2. Thus, the 20 sets of permutations (which form a set of 20 rearrangementst) discussed above will convert a given isomer into each of the other 19 isomers or into itself. Since the permutations within each of these 20 cosets are all interrelated by proper rotations of the molecule, they have been termed rotationally equivalent (5). In addition, two permutations x and y may also be symmetry equivalent if y = gxg'-, where g is an element of the group of permutations corresponding to the symmetry operations of D3h. Two symmetry equivalent permutations are thus related by symmetry operations of the skeleton.
It has recently been pointed out (1, 2) that transition metal tris-chelates and molecules of the. type Ar3Z, such as triarylboranes, have comparable numbers and kinds of stereoisomers and intramolecular stereoisomerization pathways. This is an example of what we have termed stereochemical correspondence (3), i.e., the stereochemically isomorphic behavior of systems which may differ vastly in their chemical properties. In this paper we shall demonstrate that two other seemingly unrelated classes, the spirocyclic pentacoordinate molecules (such as phosphorane 1) and molecules of the type Ar2ZX
A.CH3 C-3 H3C H3C (such as benzophenone or dimesitylmethane), also exhibit stereochemical correspondence. This relationship does not appear to have been recognized heretofore.
Stereochemistry of spirocyclic pentacoordinate compounds
Pentacoordinate phosphoranes and cognates have been shown to adopt an essentially trigonal bipyramidal (D3h) conformation in the ground state (4) . Stereoisomerism and isomerization of such molecules has been previously analyzed by various authors (5) (6) (7) (8) (9) (10) (11) (12) . Portions of the analysis given in this section are based on ideas developed by Ruch and Hisselbarth (5) .
A trigonal bipyramidal molecule may be represented by Interconversions among these stereoisomers may be represented mathematically as permutations of the ligands of 2. Thus, the 20 sets of permutations (which form a set of 20 rearrangementst) discussed above will convert a given isomer into each of the other 19 isomers or into itself. Since the permutations within each of these 20 cosets are all interrelated by proper rotations of the molecule, they have been termed rotationally equivalent (5) . In addition, two permutations x and y may also be symmetry equivalent if y = gxg'-, where g is an element of the group of permutations corresponding to the symmetry operations of D3h. Two symmetry equivalent permutations are thus related by symmetry operations of the skeleton.
By decomposing the permutation group S5 into double cosets with respect to A, the set of 20 rearrangements may be t As defined (5) , rearrangements refer only to mathematical operations, and not to real chemical processes. The actual transformations of chemical species with which we are concerned are termed isomerizations. However, since there is a one-to-one correspondence between the elements of a mathematical model and the stereochemical features of the real molecule which it represents, we also find it convenient to use the term rearrangement to denote the permutational consequences of isomerizations, and will sometimes do so in this paper. any atom which is capable of coordination to five ligands to yield an idealized trigonal bipyramidal structure (e.g., P, As, 5, Te, Sn, Fe, Br), and where the arcs represent any small ring system. In such spirocyclic molecules, isomers with diaxial or diequatorial small rings are severely strained, and therefore may be eliminated from consideration (i.e., a constraint on the allowed permutations is introduced). Thus, there are only eight stereoisomers for this system, and consequently only eight rearrangements are possible for a given isomer of 3. These rearrangements are partitioned among all six modes. The results of interconversions among the eight stereoisomers by rearrangements belonging to each of these modes are depicted topologically in Fig. 1 Fig. 3 . In this realization, the vertices represent rearrangements (not structures) including the identity Mo, which are identified by the symbols of the modes to which they belong. The edges of the Cayley diagram represent the generators of the group, chosen as the M1 rearrangement (diagonal edges) and the two symmetry equivalent M4 rearrangements, M4' (horizontal edges) and M42 (vertical edges).
We notice immediately that Figs. 2 and 3 have the same form. The reason for this is apparent when we recall that for a particular reference structure, each rearrangement may be associated with the resulting stereoisomer. Thus, there exists a one-to-one mapping of stereoisomers onto rearrangements, given a reference structure which is mapped onto the rearrangement belonging to Mo.
Stereochemistry of compounds of the type Ar2ZX
Compounds belonging to this class are widespread in organic chemistry. It has been pointed out (1) that the class includes not only molecules where X is an atom or group of atoms (e.g., as in Ar2C==O, Ar2CH+, Ar2BCH3) but also molecules in which X is a phantom ligand (e.g., as in Ar2O, Ar2S, Ar2C:). Furthermore, substances formally belonging to Ar2ZX2 are also included (e.g., Ar2CH2, Ar2NH2+, Ar2BH2-). All that is required is that X have local conical symmetry on the time scale of observation (1). Stereoisomerization of 4 has been previously analyzed from a mechanistic point of view (1). Tnterconversions of isomers of 4 have been postulated to occur by one or more of three classes of "flip" mechanisms, wherein zero, one, or two aryl rings flip, i.e., rotate about the Z-C bonds through orientations perpendicular to the C-Z-C plane, while the other rings rotate in the opposite direction, through this plane. This motion yields a product whose helicity is opposite to that of the starting structure. The most commonly encountered interconversion pathways are the one-and two-ring flips. The rearrangements (in the permutational sense) resulting from these two classes of mechanisms are expressed topologically in Fig. 4 , where the vertices represent stereoisomers, and the edges rearrangements. The diagonal edges (labeled AB) represent two-ring flip rearrangements (which may be expressed mechanistically as the flipping of both rings A and B), whereas the horizontal and vertical edges (labeled A or B) denote one-ring flip rearrangements.
In all, there are eight possible rearrangements for a given isomer of an Ar2ZX molecule which transform it into itself or into one of the seven other isomers. These eight rearrangements form a group, isomorphic to the group C2 X D2. The graph of this group is the same as that in Fig. 3 (3) . In other words, it is possible to perform an isomorphic mapping of the essential stereochemical features of each of the two systems onto the same model, and an equivalence relation thus exists between these two systems, which otherwise differ vastly in their chemical properties.
As pointed out above and elsewhere (3), stereochemical correspondence results in abstract equality of the two groups of rearrangements and necessarily manifests itself throughout the stereochemistry of the two systems. For example, eight stereoisomers (four dl-pairs) are possible for 3, as well as for 4. Since the graphs shown in Fig. 1 depict all possible rearrangements of spirocyclic pentacoordinate molecules by way of the six modes, these graphs are necessarily the same, except for labeling of vertices, as those depicting all possible rearrangements of Ar2ZX molecules. The same realizations and nomenclature may be used for both systems. Thus, rearrangements resulting from the two-ring flip mechanism (Fig. 4) are stereochemically correspondent to the mode M1 rearrangements of spirocyclic systems (Fig. 2) . Similarly, the rearrangements resulting from one-ring flips (Fig. 4) are stereochemically correspondent to M4 rearrangements (Fig. 2) . Zero-ring flip rearrangements (1) correspond to M3 interconversions (Fig. 1) 
